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Description

Technical Field

[0001] The present invention relates to a method of manufacturing a magneto-sensitive-wire, a magneto-sensitive
wire manufactured by this method and having good hysteresis characteristics, and a magneto-impedance element
(hereinafter referred to as an "MI element") or a magneto-impedance sensor (hereinafter referred to as an "MI sensor")
employing the magneto-sensitive wire.

Background Art

[0002] The article "Study of surface magnetic structure in Co-based amorphous microwires by means of off-diagonal
magnetoimpedance effect" published by the Journal of Magnetism and Magnetic Materials 300 (2006) e37-e40 discloses
a new method for study of the domain structure in Co-based amorphous microwires with a negative magnetostriction.
The method is based on the so-called off-diagonal magnetoimpedance effect. This effect is related to the cross-mag-
netization process. Due to the existence of a non-zero off-diagonal component of the permeability sensor, a high-
frequency current causes the longitudinal magnetization variation. According to Faraday law, it induces the voltage in
the pick-up coil wound around the microwire, which is proportional to the off-diagonal component of the impedance. The
off-diagonal impedance is sensitive to the surface domain structure. For microwires with the circular anisotropy, the pick-
up coil voltage is non-zero within the range of the external field He < Ha, where Ha is the anisotropy field. If the microwire
has the bamboo domain structure,
The amorphous wire disclosed in this publication, however, has large hysteresis characteristics of about 2 %.
[0003] A perspective view schematically showing magnetic domain structure within an amorphous wire constituting
such a conventional magneto-sensitive wire is shown in Fig. 6. The magneto-sensitive wire 9 is divided into two layers
of a surface layer portion 91 and a core portion 92 by a difference in magnetic domain structure. In the surface layer
portion 91, spins are oriented in a certain circumferential direction. Therefore, the spins as a whole are closed as
circumference and as a result, no magnetic domain wall exists in the surface layer portion 91.
[0004] On the other hand, the core portion 92, which lies inside the surface layer portion 91, has a multi-magnetic
domain structure and a lot of magnetic domain walls exist in the core portion 92. In addition, magnetic domain walls
exist in a boundary between the surface layer portion 91 and the core portion 92, because the direction of respective
spins discontinuously varies.
[0005] Since, as discussed above, the surface layer portion 91 has a spin structure (alignment) in which spins are
oriented in a certain circumferential direction but the core portion 92 has the multi-magnetic domain structure, the
conventional magneto-sensitive wire 9 as a whole has a magnetically composite structure. The magnetic domain walls
existing in the multi-magnetic domain structure of the core portion 92 and those existing in the boundary between the
surface layer portion 91 and the core portion 92 has caused degradation of the hysteresis characteristics of the magneto-
sensitive wire 9 or a sensor employing the same.

Citation List

Patent Literature

[0006] [PTL 1]: Domestic Re-Publication of PCT International Application No. WO2005/019851

Summary of Invention

Technical Problem

[0007] The present invention relates to a method of manufacturing a magneto-sensitive wire, a magneto-sensitive
wire manufactured by the method and having good hysteresis characteristics which is suitable for magnetic sensors
and the like, and an MI element or an MI sensor employing the same.

Solution to Problem

[0008] Hysteresis phenomena occur because magnetic domain walls within a magneto-sensitive wire having a multi-
magnetic domain structure move upon application of a magnetic field. It is noted, that the term "vortex spin structure"
used in the following defines a model for interpreting the experimental results on this technology. Hence, the present
inventors have come up with an idea of changing the multi-magnetic domain structure having magnetic domain walls
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with a vortex spin structure having no magnetic domain wall, and have succeeded in obtaining a magneto-sensitive wire
which can be described by the model of a vortex spin structure for the first time. Extending this achievement, the present
inventors have completed the following aspects of the present invention.

«Magneto-Sensitive Wire»

[0009]

(1) A magneto-sensitive wire of the present invention can be described by having a vortex spin structure.
The "vortex spin structure" mentioned herein means a structure having a continuous spin alignment in which re-
spective spins in a wire surface layer portion are continuously aligned in a certain circumferential direction, those
in an inner portion inside the surface layer portion gradually rotate from the circumferential direction to an axial
direction as they approach a center of the amorphous wire, and those at the wire center are oriented in the axial
direction. It should be noted that a "spin" mentioned herein means magnetic moment per atom. The vortex spin
structure may comprise the structure of the inner portion alone. A region which the inner portion occupies may
increase or decrease depending on wire composition, internal stress and shape.
(2) Fig. 1 is a perspective cross-sectional view schematically showing a magneto-sensitive wire having a vortex spin
structure. While a cross section A is a plane perpendicular to an axial direction of the wire, a cross section B is a
plane cut along an axial centerline of the wire.
The magneto-sensitive wire 1 comprises two layers of a surface layer portion 11 and an inner portion 12 having
different spin alignments. First, the surface layer portion 11 will be described. In the surface layer portion 11 of the
cross section A, spins are oriented in a certain circumferential direction. Therefore, the spins as a whole are con-
tinuously aligned and closed (circulated or refluxed) in the circumferential direction, so no magnetic domain wall
exists in the surface layer portion 11. Respective spins existing in a region X1-X2-X3-Y1 (indicated by line X1-X5
as a typical example in Fig. 1) of the cross section B constituting the surface layer portion 11 have the same alignment
as those of an outermost surface of the surface layer portion 11.
 Next, spin alignment of the inner portion 12 will be described. In a region Y1-X3-X6-Y3 (indicated by line X5-X6 as
a typical example in Fig. 1) of the cross section B, spins existing in a boundary (X5) between the surface layer
portion 11 and the inner portion 12 are oriented in the same direction as those in the surface layer portion 11. As
spins go from X5 to X6, that is, approach the axial center, the direction of the spins is gradually slanted from the
circumferential direction to the axial direction, so that the direction of the spins at the axial center (X6) coincides
with the axial direction (a centerline direction of the magneto-sensitive wire 1). Such spin slanting alignment also
exists on line Y1-Y2 of the section B or in any portion of the region Y1-X3-X6-Y3 of the cross section B.
In this way, no magnetic domain wall exists in the inner portion 12 of the magneto-sensitive wire 1 according to the
present invention. Similarly, the spins are continuously aligned and no magnetic domain wall exists in the boundary
between the surface layer portion 11 and the inner portion 12. Such spin alignment as a whole is called a "vortex
spin structure" in the present invention. It should be noted that "spin alignment" mentioned in the description of the
present invention mainly means distribution condition of magnetic moment of respective spins, but the "spin align-
ment" is sometimes simply referred to as "spins".
(3) The magneto-sensitive wire of the present invention is, for example, used in an MI sensor. Outlines of the MI
sensor are as follows:

All spins are slanted in the direction of an applied magnetic field, in accordance with the magnitude of the applied
magnetic field. When pulse current is passed through a magneto-sensitive wire, a magnetic field is formed in
a circumferential direction of the magneto-sensitive wire by the pulse current and the spins in the magneto-
sensitive wire are made to orient in the circumferential direction. An MI sensor detects this rotational change in
the direction of the spins of the magneto-sensitive wire by a pick-up coil, or detects a variation in wire impedance.

«Additional Constitution of Magneto-Sensitive Wire»

[0010] Additional constitution which further embodies the present invention will be described. It should be noted that
the following description is appropriately applied not only to the magneto-sensitive wire according to the present invention
but also to an MI element or an MI sensor employing the same. The magneto-sensitive wire of the present invention
can be constituted by adding one or more constituent features arbitrarily selected from the followings to the abovemen-
tioned constitution. Which embodiment is best depends on application target, required performance and so on.

(1) The thickness of the inner portion ("d" of the inner portion 11 in Fig. 1) can be increased to a radius of the wire
at the maximum.
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The vortex spin structure of the present invention is not a two-dimensional structure such as a thin film in the field
of nanodots, but a three-dimensional structure. This three-dimensional vortex spin structure is disclosed by the
present invention for the first time.
Unlike a conventional three-dimensional structure about which not only rotation of spins but also movement of
magnetic domain walls are detected, the vortex spin structure of the present invention does not have any magnetic
domain wall or magnetic domain. Therefore, the MI sensor of the present invention can detect absolutely only rotation
of spins and has a good effect of zero hysteresis. Hence, the present invention can also be said as a magneto-
sensitive wire having no magnetic domain wall or magnetic domain.
Moreover, the magneto-sensitive wire of the present invention comprises a soft magnetic alloy whose main phase
is amorphous and which preferably has zero magnetostriction. This makes it possible to descreibe the magneto-
sensitive wire by the model of a vortex spin structure or a magneto-sensitive wire having no magnetic domain wall
or magnetic domain.
"Zero magnetostriction" mentioned herein means that an absolute value of magnetostriction is less than 10-6. For
example, on page 13 of "Jiki Sensa Rikougaku (Magnetic Sensor Technology) " published by Corona Publishing
Co. Ltd. in Japan, there is a description "When Fe/Co of (CoFe)80(SiB)20 is about 0.07, an absolute value of mag-
netostriction is less than 10-6, and this level of magnetostriction is defined as zero magnetostriction." Accordingly,
this level is also defined as zero magnetostriction in the present invention, as mentioned above.
The magneto-sensitive wire comprises a Co-Fe-Si-B alloy which has zero magnetostriction.
(2) An example of methods for producing a magneto-sensitive wire describable by a vortex spin structure will be
shown below.

[0011] This magneto-sensitive wire is produced, for example, by suitably controlling alloy components, wire diameter
and internal stress. An alloy to be used is a Co-Fe-Si-B alloy material preferably having zero magnetostriction.
[0012] With an increase in wire diameter, formation of a vortex spin structure becomes more difficult. When the diameter
exceeds 15 mm, a multi-magnetic domain structure is easily formed inside the magneto-sensitive wire. Therefore, it is
desirable that the wire diameter is not more than 15 mm.
[0013] Furthermore, when the wire diameter is less than 0.5 mm, the volume of the wire decreases and sensor sensitivity
deteriorates such that the wire is difficult to function as a sensor. Therefore, it is preferable that the magneto-sensitive
wire of the present invention has a diameter of, for example, 0.5 to 15mm.
[0014] Internal stress is controlled, for example, by applying thermal treatment to the wire with a tension applied
(hereinafter referred to as "tension annealing"), applying thermal treatment to the wire with an electric current passed
through. These thermal treatments are applied below a temperature at which the amorphous phase is completely changed
into the crystalline phase.

«MI Element»

[0015]

(1) The present invention is also a magneto-impedance element using the abovementioned magneto-sensitive wire
as a magnetic detector. The present invention can also be grasped as a magneto-impedance element using the
magneto-sensitive wire having no magnetic domain wall or magnetic domain as a magnetic detector.
The MI element of the present invention can be just what is prepared by replacing only a magneto-sensitive wire
serving as a magnetic detector with the abovementioned magneto-sensitive wire of the present invention in a known
conventional MI element.
The very constitution of an MI element is known, for example, in International Publication Nos. WO2003/071299
and WO2005/019851, and Japanese Unexamined Patent Publication Nos. 2005-227297 and H07-181239. Known
constitution of these publications and other known constitutions are applicable to the MI sensor of the present
invention.
The MI element of the present invention includes, for example, a substrate, the abovementioned magneto-sensitive
wire of the present invention, an insulator covering the magneto-sensitive wire, a detection coil wound around the
magneto-sensitive wire, and electrode terminals extending from the magneto-sensitive wire and the detection coil.
(2) Respective spins within the magneto-sensitive wire of the MI element are slanted in the direction of an external
magnetic field in accordance with the magnitude of the external magnetic field. When a high-frequency pulse current
of about 50 to 250 MHz generated by a pulse oscillation circuit is supplied there, a magnetic field is formed in a
circumferential direction of the magneto-sensitive wire and the spins in the magneto-sensitive wire rotate in the
circumferential direction. The MI sensor detects this change in the direction of these spins by a detection coil or
detects a variation in wire impedance. When the abovementioned pulse current is interrupted, similar changes occur
and these changes can be detected. Upon using this MI element of the present invention in an MI sensor, the
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following good effects can be exhibited.

«MI Sensor»

[0016]

(1) The present invention can be grasped not only as the magneto-sensitive wire or the MI element mentioned above
but also as an MI sensor employing these.
The MI sensor of the present invention can be just what is prepared by replacing only a magneto-sensitive wire
serving as a magnetic detector with the abovementioned magneto-sensitive wire of the present invention in a known
conventional MI sensor. The MI sensor of the present invention comprises, for example, the magneto-sensitive wire
of the present invention, a detection coil wound around the magneto-sensitive wire, a pulse oscillation circuit for
applying pulse current to the magneto-sensitive wire, and a signal processing circuit for converting a voltage detected
by the detection coil into a signal corresponding to the magnitude of an external magnetic field.
(2) Owing to the use of the abovementioned magneto-sensitive wire, the MI sensor of the present invention has
such good hysteresis characteristics that hysteresis detected by the MI sensor is almost zero. The MI sensor of the
present invention has good linearity of output voltage characteristics with respect to applied magnetic field in a
measurement range.

[0017] The very constitution of an MI sensor is also known by the abovementioned publications and so on, and known
constitution of those publications and other known constitutions are applicable to the MI sensor of the present invention.
It should be noted that the MI sensor of the present invention can obtain similar effects also by directly detecting a
variation in impedance of the magneto-sensitive wire.

Advantageous Effects of Invention

[0018] As mentioned above, upon replacing a magneto-sensitive sensor of a conventional MI element or MI sensor
with the magneto-sensitive wire of the present invention, the MI element or the MI sensor of the present invention exhibits
such good hysteresis characteristics that hysteresis detected by the MI sensor is almost zero.
[0019] Furthermore, an MI sensor using the magneto-sensitive wire of the present invention is greatly improved in
linearity of output voltage characteristics with respect to applied magnetic field in a measurement range when compared
to an MI sensor using a conventional magneto-sensitive wire.

Brief Description of Drawings

[0020]

[Fig. 1]
Fig. 1 is a perspective cross-sectional view schematically showing the model of a vortex spin structure describing
a magneto-sensitive wire according to the present invention.
[Fig. 2]
Fig. 2 is a front conceptual diagram showing an MI element of an example of the present invention.
[Fig. 3]
Fig. 3 is a conceptual diagram showing electric circuits of an MI sensor of an example of the present invention.
[Figs. 4]
Figs. 4 are explanatory views illustrating how to calculate a frequency from a rise time or a fall time of pulse current
used in an MI element or an MI sensor of the present invention.
[Figs. 5]
Figs. 5 are MI characteristic diagrams according to an example of the present invention and a conventional example.
[Fig. 6]
Fig. 6 is a perspective view schematically showing a magnetic composite structure within a magneto-sensitive wire
of a conventional example.

Reference Signs List

[0021]

1 a magneto-sensitive wire (an example)
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11 a surface layer portion
12 an inner portion
2 an MI element
3 a detection coil
4 an insulator
51 electrodes
52 electrodes
6 an MI sensor
61 a pulse oscillation circuit
62 a signal processing circuit
7 pulse current waveform
9 a magneto-sensitive wire (a conventional example)
91 a surface layer portion
92 a core portion
10 a substrate

Description of Embodiments

[0022] Embodiments of the present invention will be described in comparison with a conventional example, when
appropriate. It should be noted that the present invention is not limited to the following examples.

«Constitution»

(1) Magneto-Sensitive Wire

[0023] An amorphous wire of 11.6 mm in diameter having an alloy composition of Co71.2Fe4.8Si11.8B12.2 (at%) and
produced by an improved Taylor method was used as a specimen material of a magneto-sensitive wire according to an
example of the present invention. This amorphous wire serving as a specimen material was subjected to thermal treatment
for 7 seconds at an atmosphere temperature of 520 deg. C with a tension of 200 MPa applied (Example 1).
[0024] Also prepared, as a conventional example, was an amorphous wire having a spin structure in which spins are
aligned in a certain circumferential direction in a surface layer portion like the surface layer portion 91 in Fig. 6, and a
multi-magnetic domain structure in an inner portion (produced by UNITIKA Ltd.). This amorphous wire was produced
by an in-rotating-liquid spinning process and had an alloy composition of (Co94Fe6)72.5Si12.5B15 (at%) and a diameter
of 20 mm and was subjected to tension annealing.
[0025] Another amorphous wire having a reduced diameter of 13mm was also prepared by etching the abovementioned
amorphous wire used as the conventional example (Example 2).

(2) MI Element

[0026] Constitution of an MI element 2 of an example according to the present invention will be described with reference
to the conceptual diagram of Fig. 2.
[0027] First, a detection coil 3 disposed around a magneto-sensitive wire 1 through an insulator 4 (not shown) is
installed on a substrate 10. Both ends of the magneto-sensitive wire 1 are connected to electrodes 51 for applying pulse
current. The detection coil 3 is connected to electrodes 52 for detecting a voltage which varies depending on an external
magnetic field. The magneto-sensitive wire 1 has a length of 0. 6 mm and the detection coil 3 has 15 coil turns. The
constitution shown here is just an example and other known MI element constitutions can be employed.

(3) MI Sensor

[0028] Electric circuits of an MI sensor 6 of an example according to the present invention will be described with
reference to Fig. 3. The MI sensor 6 comprises the MI element 2, a pulse oscillation circuit 61, and a signal processing
circuit 62. The sensor 6 operates as follows.
[0029] High-frequency pulse current of about 50 to 250 MHz generated by the pulse oscillation circuit 61 is supplied
to the magneto-sensitive wire 1 in the MI element 2. Then, due to an action of an external magnetic field and a magnetic
field formed by the pulse current in a wire circumferential direction, a voltage based on rotation of the spins in the
magneto-sensitive wire 1 is generated at the detection coil 3.
[0030] Frequency of this voltage is calculated by first obtaining a rise time or a fall time Δt in a pulse current waveform
7, as shown in Fig. 4 (a), and then obtaining cycle time from the time Δt, assuming that the time Δt is one fourth of
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waveform cycle time, as shown in Fig. 4(b).
[0031] Next, after the abovementioned pulse current has risen, an analog switch 622 is switched (on and off) in a short
time at a certain timing by a sample timing control circuit 621. This switching allows the analog switch 622 to sample a
voltage corresponding to the external magnetic field and generated at the detection coil 3 and transmit the voltage to
an amplifier 623. Similar operations are performed when the pulse current is interrupted (falls).
[0032] Constitution shown here is just an example and other known electric circuits for MI sensors can be employed.

<<Measurement>>

[0033] Magneto-impedance (MI) characteristics of this example was evaluated by placing the MI sensor 6 in magnetic
fields of 6 2400 A/m, 10Hz and inputting pulse current of 80 mA corresponding to a frequency of 0.2 GHz to the magneto-
sensitive wire 1 of the MI element 2, processing voltage signals generated at the detection coil 3 in the abovementioned
signal processing circuit 62 to measure voltages of the respective magnetic fields output from the detection coil 3.
[0034] A rise time and a fall time of the pulse current were both 1.25 ns. Although voltage was detected by using the
fall of pulse current, the voltage can be detected by using the rise or both the rise and the fall.

<<Evaluation>>

[0035]

(1) Regarding the abovementioned Example 1 and the conventional example, results obtained by the abovemen-
tioned measurement are shown in Figs. 5 and Table 1. Measurement results of Example 1 are shown in Fig. 5 (a)
and those of the conventional example are shown in Fig. 5(b). In loops drawn in Figs. 5, a difference in applied
magnetic field at a coil output voltage of 2. 5 V was defined as hysteresis characteristics.
As apparent from the measurement results shown in Fig. 5(a), Example 1 had hysteresis characteristics of 2 A/m,
which was lower than detection power (7 A/m) of the detection device. This indicates that the hysteresis characteristics
were almost zero. This demonstrates that the magneto-sensitive wire according to the present invention is desribable
by the model of a vortex spin structure having no magnetic wall.
On the other hand, as apparent from the measurement results shown in Fig. 5(b), the conventional example had
hysteresis characteristics of 33.4 A/m.
(2) Linearity is also an important parameter as one of practical performance of a magnetic sensor.
As apparent from the measurement results shown in Fig. 5(a), Example 1 had a linearity of 0.7 % F. S. in 30 % of
the applied magnetic field range showing peak voltages (in an applied magnetic field range of 6485 A/m in Example
1) . This was not more than one tenth of linearity (7. 7 % F. S.) of the conventional example shown in Fig. 5(b). Note
that "F. S." stands for Full Scale.
It should be noted that evaluation of linearity was carried out here by evaluating linearity of output voltage with
respect to applied magnetic field in 30 % of the applied magnetic field range showing peak values of coil output
voltage (in an applied magnetic field range of 6485 A/m in Example 1, and in an applied magnetic field range of
6377 A/m in the conventional example) . The evaluation of linearity was carried out by the method No. 2623 of JIS
B0155 in the respective measurement ranges.
(3) It was confirmed that an MI sensor using the magneto-sensitive wire according to Example 2 as well as the MI
sensor using the magneto-sensitive wire according to Example 1 had good hysteresis characteristics (3 A/m), which
was apparently different from those of the MI sensor using the conventional example, and the abovementioned
linearity (0.8 % F. S.). This demonstrates that the magneto-sensitive wire according to Example 2 is desribable by
the model of a vortex spin structure having no magnetic domain wall.

<<The Present Invention>>

[0036] Based on the abovementioned embodiments or examples, constitution of the present invention can be more
concretely expressed by the followings. It should be noted that the following description will be made with regard to a
magneto-sensitive wire but will also be true with an MI element or an MI sensor.

(1) Alloy Composition

[0037] As mentioned above, the magneto-sensitive wire comprises a Co-Fe-Si-B alloy, preferably having zero mag-
netostriction.
[0038] The Co-Fe-Si-B alloy comprises 60 to 80 at% of Co, 3 to 7 at% of Fe, 5 to 20 at% of Si and 7 to 30 at% of B
when the entire alloy composition is regarded as 100 at%. It is more preferable that the Co-Fe-Si-B alloy comprise 65
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to 75 at% of Co, 4 to 6 at% of Fe, 7 to 15 at% of Si and 10 to 20 at% of B. It should be noted that an upper limit value
or a lower limit value of a compositional range of each element can be any value in the abovementioned numerical value
ranges.
[0039] Needless to say, the magneto-sensitive wire of the present invention can contain inevitable impurities.

(2) Thermal Treatment

[0040] The magneto-sensitive wire of the present invention comprises an amorphous wire comprising an alloy having
such composition as mentioned above. Upon applying appropriate thermal treatment to such an amorphous wire, not
only a surface layer portion of the wire but also an inner portion of the wire can be described by the model of a vortex
spin structure. Preferably, this thermal treatment is a thermal treatment in a temperature range where the amorphous
wire is not completely crystallized, in an inert gas atmosphere or a vacuum atmosphere. The heating temperature is 500
to 600 deg. C. The heating time is 4 to 10 seconds. With this thermal treatment tension to the wire is applied. The purpose
of this tension application is to cause internal stress in the amorphous wire.
[0041] The tension to be applied is 30 to 2000 MPa.

(3) Characteristics of Magneto-Sensitive Wire

[0042] First, it is preferable that the magneto-sensitive wire has hysteresis characteristics of not more than 7 A/m, not
more than 5 A/m, or not more than 3 A/m. These levels can be regarded as substantially zero hysteresis.
[0043] Next, it is preferable that the magneto-sensitive wire has linearity of not more than 2 % F. S., not more than
1.5 % F. S., not more than 1 % F. S., or not more than 0.8 % F. S. in 30 % of an applied magnetic field range specified
by applied magnetic fields corresponding to peak voltages detected by the MI sensor.
[0044] It should be noted that "x to y" mentioned in the description of the present invention includes the lower limit
value x and the upper limit value y, unless otherwise specified. The lower limit values and the upper limit values described
in the description of the present invention can be combined arbitrarily to constitute such a range as "a to b". Moreover,
the upper limit values or the lower limit values can be replaced with any numerical value in the described numerical
value ranges.

Industrial Applicability

[0045] Owing to almost zero hysteresis, a very small size and high sensitivity, the magneto-sensitive wire, the MI
element and the MI sensor of the present invention are applicable to a micro magnetic sensor for small-sized electronic
devices such as cellular phones.

Claims

1. A method of manufacturing a magneto-sensitive wire comprising

providing an amorphous wire comprising a Co-Fe-Si-B soft magnetic alloy which comprises 60 to 80 at% of Co,
3 to 7 at% of Fe, 5 to 20 at% of Si and 7 to 30 at% of B when the entire alloy composition is regarded as 100 at%, and
thermally treating the amorphous wire in a temperature range where the amorphous wire is not completely
crystallized while applying tension in the range of 30 to 2000 MPa to the amorphous wire,

[TABLE 1]

WIRE 
DIAMETER 

(mm)

MI CHARACTERISTICS

MAGNETIC DOMAIN STRUCTUREHYSTERESIS 
CHARACTERISTIC 

(A/m)

LINEARITY 
(%F.S.)

EX. 1 11.6 2 0.7 VORTEX SPIN STRUCTURE

EX. 2 13 3 0.8 VORTEX SPIN STRUCTURE

Conventional 
EX.

20 33.4 7.8
CIRCUMFERENTIAL ANISOTROPY + 

MULTI-MAGNETIC DOMAIN 
STRUCTURE
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characterized in that the amorphous wire is thermally treated in a temperature range of 500°C to 600°C and
the heating time for the thermal treatment is in a range of 4 to 10 seconds.

2. The method of manufacturing a magneto-sensitive wire according to claim 1,

wherein the thermal treatment is performed in an inert gas atmosphere or in a vacuum atmosphere.

3. A magneto-sensitive wire manufactured by a method according to any of claims 1 to 2,

having a diameter in the range of 0.5 to 15 mm and having a magnetostriction less than 10-6.

4. A magneto-impedance element including the magneto-sensitive wire according to claim 3 as a magnetic detector.

5. A magneto-impedance sensor including the magneto-impedance element according to claim 4.

Patentansprüche

1. Herstellungsverfahren eines magnetosensitiven Drahts, aufweisend:

Bereitstellen eines amorphen Drahts, der eine weiche, magnetische Co-Fe-Si-B-Legierung aufweist, die 60 bis
80 Atomprozent an Co, 3 bis 7 Atomprozent an Fe, 5 bis 20 Atomprozent an Si und 7 bis 30 Atomprozent an
B enthält, wenn die gesamte Legierungsmischung 100 Atomprozent ausmacht, und
Wärmebehandeln des amorphen Drahts in einem Temperaturbereich, in dem der amorphe Draht nicht komplett
kristallisiert ist, während ein Zug in dem Bereich zwischen 30 und 2000 MPa auf den amorphen Draht ausgeübt
wird,
dadurch gekennzeichnet, dass der amorphe Draht in einem Temperaturbereich zwischen 500 und 600 °C
wärmebehandelt wird und die Aufheizzeit für die Wärmebehandlung in einem Bereich zwischen 4 und 10 Se-
kunden liegt.

2. Herstellungsverfahren eines magnetosensitiven Drahts nach Anspruch 1,
wobei die Wärmebehandlung in einer Inertgasatmosphäre oder in einer Vakuumatmosphäre durchgeführt wird.

3. Magnetosensitiver Draht, hergestellt durch ein Verfahren nach einem der Ansprüche 1 bis 2,
der einen Durchmesser in dem Bereich zwischen 0,5 und 15 mm und eine Magnetostriktion von weniger als 10-6

aufweist.

4. Magnetoimpedanzelement, das den magnetosensitiven Draht nach Anspruch 3 als einen Magnetdetektor beinhaltet.

5. Magnetoimpedanzsensor, der das Magnetoimpedanzelement nach Anspruch 4 beinhaltet.

Revendications

1. Procédé de fabrication d’un fil magnéto-sensible comprenant :

l’utilisation d’un fil amorphe comprenant un alliage magnétique doux de Co-Fe-Si qui comprend 60 à 80 % at
de Co, 3 à 7 % at de Fe, 5 à 20 % at de Si et 7 à 30 % at de B lorsque l’on considère que toute la composition
de l’alliage est 100 % at, et
le traitement thermique du fil amorphe dans une plage de températures dans laquelle le fil amorphe n’est pas
complètement cristallisé durant l’application d’une tension dans la plage de 30 à 2000 MPa au fil amorphe,
caractérisé en ce que le fil amorphe est thermiquement traité dans une plage de températures de 500°C à
600°C et le temps de chauffage pour le traitement thermique est dans la plage de 4 à 10 secondes.

2. Procédé de fabrication d’un fil magnéto-sensible selon la revendication 1,
dans lequel le traitement thermique est réalisé dans une atmosphère de gaz inerte ou dans une atmosphère de vide.

3. Fil magnéto-sensible fabriqué par un procédé selon l’une quelconque des revendications 1 à 2,
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ayant un diamètre dans la plage de 0,5 à 15 mm et ayant une magnétostriction inférieure à 10-6.

4. Élément à magnéto-impédance comportant le fil magnéto-sensible selon la revendication 3 en tant que détecteur
magnétique.

5. Capteur d’impédance magnétique comportant l’élément à magnéto-impédance selon la revendication 4.
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